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TASK OGBJECTI VES

Most of the effort during the first half of this year was
spent in preparation for the Vegetation Index ATBD Peer Review in
May and the | GARSS 94 Synposi um schedul ed for August 1994 in
Pasadena. Al so a research agenda for sumer field activities in
Arizona, Portugal, and Mexico related to product validation was
established. |In the |aboratory, we continued further work in
anal ysis and conpari sons of various vegetation indices (VI's)
utilizing Landsat TM ASAS, AVIR'S, and AVHRR derived i nmagery.
Anal yses of the BRDF characteristics of desert to forested bi ones
were initiated for integration into the level 3 VI conpositing
al gorithm

WORK ACCOWPLI SHED
1. Veget ati on | ndex ATBD Peer Revi ew

Five reviewers evaluated the MOD S Vegetation | ndex ATBD MOD-
14, with only 1 reviewer renmai ning anonynous. The witten reviews
were very favorable with 2 A's and 2 B's and the anonynous | eft
bl ank. The VI-ATBD i nvol ves two indices; (1) the NDVI for
pur poses of continuity; and (2) a nodified NDVI or NMN\DVI,
representing an inproved version of the NDVI. The strengths of
t he ATBD concerned the attenpt to m nimze atnospheric and canopy
background effects while maintaining vegetation sensitivity.
Provi ding some formof continuity with the NDVI al so received
favorabl e responses. The nmain weakness was a | ack of validation
of the proposed nodified NDVI (M\NDVI) and the need for a nore
t hor ough anal yses on the multitenporal conpositing schenme for the
two VI's.

In the oral presentation TM and ASAS inmages illustrated the
i mprovenents nade by the MNDVI relative to the NDVI. The M\DVI
di spl ayed a greater contrast of vegetation conditions and was not
confused by shadow i nfluences. In conparison, the NDVI
i nterpreted canopy shadowed areas as photosynthetic and saturated
early under nedi um vegetation densities. Gaphical sinulations
were al so used to denonstrate reduced error and uncertainties due
to soil and atnosphere in the M\DVI.

The ATBD revi ew panel had additional concerns, including the
need for an atnospheric resistant conponent assum ng that an
operational atnospheric correction scheme will be inplenmented. As
di scussed in the ATBD docunent, it is doubtful that an operationa
at nospheric correction can be applied consistently on a gl obal
basis. It is nore likely that a dark object subtraction will be
performed in certain areas and a nean sky cli matol ogy approach
i npl enented in other regi ons where dark objects are unavail abl e.
This may alter the integrity of the vegetation index and thus it



was felt that an atnospheric resistant conponent could only help
the VI. The other issue concerns validation. The review panel
recommended that nore enphasis be placed on bi ophysical coupling
of the VI to plant paraneters such as APAR and LAIl.

2. SCF Activities
2.1. Wal nut @Qul ch, ASAS Data

Hongyan Liu (Ph.D. candidate) is processing ASAS i nagery
acquired during the dry and wet seasons of 1991 over the WVl nut
@il ch Experinmental Watershed in southeastern Arizona. The 7
mul tiple view angl e i magery al ong both principal and orthogonal
pl anes to the sun, at both |arge and snall solar zenith angl es,
were acquired over a sem -desert grassland site (Kendall), a m xed
grass-shrub site (deeson), and a Riparian forest - Mesquite
bosque site along the San Pedro river. The 29 band data were
reduced to the first 4 MOD S bands fromwhich various VI's were
conputed. Wth the aid of concurrent atnospheric measurenents
made with a sun-tracking sol ar radi oneter and the 6S radi ant
transfer program total and partial (Rayleigh and ozone)
at nospheric correction of the ASAS scenes were acconpli shed.

The nulti-view, bidirectional reflectance profiles were
anal yzed as functions of |and cover type, dry vs. wet season,
at nospheric condition, and sun angle. The nmain objective of this
work was to investigate the directional effects of the individual
bands and the different VI's calculated from MDD S bands. The
normal i zed view angle profiles showed greater sensitivity to
external conditions (atnosphere and sun angle) than to vegetation
type. The shape of the view angle profile was also nore a
function of the VI used than the vegetation type. Major sections
of this work will be presented at the | GARSS 94 Synposium at a
speci al ASAS sessi on.

2.2. US A- Mxico Thematic Mapper Data

CGerardo de Lira (a Ph.D candidate) continues to work on the
1992 Landsat TMinagery acquired over the Arizona-Sonora border.
Al 8 inmages were co-registered and a Rayl ei gh and ozone
at nospheric correction perforned. Spatial and tenporal variations
across the border are quite distinct with the Mexican side
cont ai ni ng hi gher refl ectance val ues and | ower NDVI and NMN\DVI
val ues. The sites sanpl ed included: grassland, shrubl and,
degraded nesquite- grassland, riparian zones, and conifer covered
nmountai n areas. Over sone of the sites, the spatial variability
was too great to clearly docunment border differences, however,
i mage based anal yses quite clearly showed the border and the
acconpanyi ng di fferences on both sides.

The nulti-tenporal analysis denonstrated that the border
di fferences renai ned t hroughout the year but the vegetation index
values were fairly simlar during the dry season. Brightness
tenmperature differences were also relatively small across the



border for nost of the year. The results of this work will be
presented at the | GARSS 94 Synposi um on August 8-12, 1994, in
Pasadena, California.

A multi-tenporal mxture nodel will also be applied to this
data set for land cover discrimnation studies in support of the
MODI S Land Cover and Land Cover Change al gorithns.

2.3. TMCalibration Coefficients

Hui Qng Liu (research specialist) is testing different sets
of Landsat 5 TMcalibration coefficients on the vegetation index
product. Sone of the nore recent, vicarious-based, calibration
coefficients, derived at Wite Sands, New Mexi co and Mari copa
Agricultural Center in Arizona (Slater, personal conmunicati on)
contain significantly different slopes producing differences in Vi
imagery. |In sonme cases the new calibration coefficients result i
t opographically sensitive NDVI values. Although it is difficult
at this tine to assess the accuracies of the various sets of
coefficients, it is inportant to note and docunent VI sensitivity
to radionetric calibration drift and error.

2.4. OITER ASAS Dat a

Hui Q ng Liu has al so processed |arge sets of OITER ASAS and
OI'TER NSO01 TMS into MDD S band and VI inmagery. This was
primarily done to incorporate a wi der range of |and surface
vegetation conditions in the VI evaluation and validation process.
Different NDVI variant equations were tested under various sun
angl es, atnospheric conditions (Rayleigh and ozone corrected), and
viewi ng angles in the case of the ASAS data. Ei ght sets of inages
including 7 view angl es were anal yzed for the OITER ASAS and 14
scenes for OTTER NS001 TMS.

The ASAS results are being used to anal yze bidirectional view
angle profiles of forested canopies in both the principal and
ort hogonal planes to the sun. |In the orthogonal plane, the NDVI
SAVI, and MNDVI were symetric about nadir view ng angl es, but
al ong the principal plane the NDVI was found to be biased (or
hi gher in value) in the forward scatter direction while the SAVI
was biased in the antisolar view direction, and the M\DVI renai ned
synmetric about nadir with increasing values with higher view
zeni th angl es.

In the NSOO1 data, VI results are being conpared with
publ i shed ground based LAl neasurenents. The saturation of the
hi gher LAl forests were clearly seen in the NDVI results, whereas
the other VI's continued to vary with increasing LA val ues.

2.5. N GER- HAPEX ASAS Dat a
Wm van Leeuwen, a Ph.D. student is integrating his

bi ophysi cal and field radionetric measurenents acquired at HAPEX-
Sahel with concurrently acquired 1992 ASAS imagery. He is



attenpting to nodel ASAS pi xel responses with in-situ

hem spherical reflectance factors of "pure conponents" (I eaf,

soil, bark, etc), neasured with an integrating sphere, and
conbined with the SAIL nodel to generate canopy (structural)
spectra at varying LAl conditions. He is also utilizing field
nmeasured spectra of the canopies for the sane purpose. Linear and
non-1linear spectral mxture nodels are then being used to invert
the "m xed" spectral responses of a target into the vegetated
spectral conponents for each of the subsites in the Wst-Central
supersite. The objective of this work is to relate the deconposed
conponents of a m xture nodel wth known bi ophysical properties of
the surface as well as to inprove our understanding as to how non-
phot osynt heti c optical components influence canopy spectra.

The SAIL- nodel generated vegetation-soil "m xtures”
refl ectances were used to create relationships with | eaf area
i ndex and fraction of intercepted photosynthetically active
radi ati on (FI PAR) for a range of vegetation densities. These
results were then examned to determne if they could serve as a
reference for the quantitative interpretation of the optical field
data. The m xture nodel was applied to the sinulated data and
val idated with observational ground data (LA, |PAR and
refl ectance) neasured at the HAPEX- Sahel bush/grassland fall ow and
mllet sites.

The spectral m xture nodel was applied to subsets of a nadir inage
with and wi thout atnospheric contam nation, which resulted in
guantified esti mates of the abundance of vegetation and soils.

The m xture nodel was applied to the conplete 33 band ASAS dat a.
Pseudo col or maps of vegetation and soil abundance, LAl and flPAR
wer e produced.

2.6. Walnut @Qulch Airborne Visible/lnfrared | magi ng Spectroneter
(AVIRI' S) dat a.

KarimBatchily (program coordinator) is involved in the
processing of 1991 AVIRI S inagery acquired over the Wal nut Qul ch
Experi nental Watershed during the dry season of 1991. In
col l aboration with Dr. Erzsebet Merenyi of the Lunar and Pl anetary
Lab at the University of Arizona, they are produci ng both neural -
net and m xture nodel based classifications of the scene
conponent s which include sem -arid grassland, m xed grass-shrub,
and desert shrub plant comunities underlain by a conplex pattern
of soil types including basalts, and calcic and iron rich soils.
This study is conplinented with field radi onetric measurenents and
an anal ysis of soil physical properties for validation of the
m xture nodel. The spectral data will be integrated and conpared
with both ASAS and TMinmagery over the sane area for studies
related to scale and spectral dinensionality anal yses. W hope
that this provides an opportunity to investigate the synergistic
uses of nultiple sensors for large scale soil and vegetation

mappi ng.
2.7. AVHRR Study Sites



Hongtao Jin (Master's degree student) is working on the 1 km
conposited AVHRR data over North Anerica and the 8 kmdaily AVHRR
pat hfi nder data set to investigate the conpositing procedure of
the vegetation index and to study the multi-tenporal behavior of
VI data over a large range of |and cover types. |In particular,
various sites of the Chinese Ecol ogi cal Research Network (CERN)
are being extracted with the 8 km AVHRR data to investigate the
multi-tenporal vegetation dynam cs of these sites. Simlarly, a
climatic gradient of |and cover types are being extracted from
Africa for the sane purpose. He is also conparing alternative
conpositing procedures involving the NDVI, SAVI, cloud cover, and
sun-vi ew geonetri es.

2.8. Myneni Radi ative Canopy Model

José Epi phani o (Post-doctorate) is investigating the use of
absor bed photosynthetically active radiation (APAR) and | eaf area
i ndex (LAI) in growth and productivity nodels, with particular
enphasi s on surface heterogeneity of the vegetated surfaces. He
is utilizing the Myneni canopy nodel, in conjunction with 6S
at nospheric radiative transfer nodel to simulate the optica
properties of both uniformand het erogeneous vegetated surfaces.
The optical data is being generated over a series of sun-view
geonetries and reduced to vegetation indices to study their
dependence and sensitivity to the growh paraneters, LAl and APAR
Hs results are being presented at the | GARSS 94 Synposiumin
Pasadena, August 1994.

FIELD ACTIM TIES
1. Por t uga

FromJuly 3 to July 16, field research was conducted in
Portugal. This is part of a collaborative project established
with Dr. José Pereira of the Universidade de Lisboa to obtain high
resol ution spectra of several Mediterranean vegetated biones.
Measurenents were nmade above the forested canopy sites with a
fire-truck operated | adder (30 n) with additional neasurenents
made underneath the forest canopy. The ground-based neasurenents
provi ded val ues of canopy transmttance and understory and/or
background refl ectances. This data will be used to validate the
physi cal bases of sonme of the newer vegetation indices through an
anal yses radi ative transfer w thin canopies, and an under st andi ng
of how forest backgrounds influence the VI's.

2. U. S- Mexi co bor der

A field canmpaign is being planned for the wet season (nonsoon
period) along the U S Mexico border. Site locations involving the
multitenporal TM data set have been established with the hel p of
on-site ground verification. This project involves the University
of Arizona and CIDESON in Hernosillo, Sonora Mexico. The
objective of this study is to incorporate the results of the



satellite data set with nore intensive ground neasurenents.
Gound sites are in grassland, degraded nesquite - grassland, and
al ong the San Pedroriparian areas.

3. Wal nut Qulch field activities.

Activities are concentrated on continued vegetation and soil
sanplings in support of the ASAS, TM and AVIR S i mage data sets.
These data will also be related to ERS-1 SAR and K- band airborne
data schedul ed to be acquired on July 25, 1994.

ANTI Cl PATED FUTURE ACTI VI TI ES
1. SeaWfs data processing

A limted amount of | and-based SeaWfs data will be processed
into vegetation index products for testing and conpari son of the
NDVI with the various NDVI variant equations. The G MVS group at
NASA/ GSFC under the supervision of Chris Justice will process sone
of the SeaWfs data. The SeaWfs sensor will provide the blue
band which will enabl e sonme of the atnospheric resistant
conponents of the VI's to be tested on a gl obal and regional
basi s.

2. 1 km AVHRR Pat hf i nder

In conjunction with the G MV group, the 1 km AVHRR data set
bei ng conpiled by the ERCS Data Center will be used for
prot otypi ng of some of the VI equations and for intensive anal yses
of the conpositing procedure. This data set will allowus to
assess the bidirectional influences of multiple view conposited
data and will also allow for testing of atnospheric processing
scenari os.

3. Bi ophysi cal Coupling of the VI's

As a result of the ATBD Peer Review, nore enphasis will now
be placed in deriving biophysical products with the VI equati ons.
This effort will be land cover type dependent and may involve a
set of equations for each |and cover type or bione. Field-based
canpai gns at the various Long Term Ecol ogi cal Research (LTER)
sites will enable experinental coupling of LAl and APAR with
Landsat TM data, which will provide initial testing of the VI's.
In addition BOREAS field and satellite data will be used.
Finally, in conjunction with Steve Running' s group, canopy
sinmul ation nodels will be incorporated such as the Myneni nodel .

4. | GARSS' 94 Synposi um papers

The foll owi ng papers will be presented at the | GARSS 94
Synposi um on August 8-12, 1994, in Pasadena, California:



i A R Huete, H Liu, GR de Lira, K Batchily, and R
Escadafal, "A soil color index to adjust for soil and litter noise
in vegetation index inmagery of arid regions".

ii. WJ.D van Leeuwen, A R Huete, and C L. Walthall,
"Bi ophysi cal interpretation of a spectral m xture nodel based on a
radi ati ve transfer nodel".

iiti. GR de Lira, K Batchily, J. Hongtao, and AR Huete,
"Optical and seasonal variations along the U S-Mexico border: an
anal ysis with Landsat Themati c Mapper imagery".

iv. J.C N Epiphanio, AR Huete, and H Liu, "Influence of sun-
vi ew geonetries on the rel ati onshi ps anong vegetation i ndi ces,
LA, and absorbed PAR'

V. H Q Liuand AR Huete, "A system based nodification of the
NDVI to m nimze soil and atnospheric noise".

5. O her Papers to be Presented

A K Batchily, AR Huete, E. Merenyi, J. Hongtao, L. Accioli, and
G R deLira, "Extraction of soil information fromrenotely sensed
sem -arid areas with m xture nodel s", to be presented at the 1994
Anerican Soci ety of Agronony (ASA) neeting in Seattle, Wshington
Nov. 13-18.

Three papers are scheduled to be presented at the Anmerican
Geophysi cal Conference (AGJ) in San Francisco, Dec. 1994:

i A R Huete and C. Justice, "d obal based vegetation indices
with SeaWfs".

ii. J.C. N Epiphanio, AR Huete, "Effect of soil red and N r
contrast on vegetation indices".

iiti. W van Leeuwen, AR Huete, C L. Walthall, "Atnospheric
ef fects on the deconposition of spectral m xtures using ASAS
i magery".

6. Meet i ngs

i | will attend an Inter-American Institute (1A) "Wrkshop on
Conparative Studies of Tenperate Terrestrial Ecosystens"” on July
26-29, 1994, in Durham North Carolina. This workshop is hosted
by the Inter-American Institute for A obal Change Research. The
obj ective of the workshop is the devel opnent of regional
scientific plan to further global science research and inpacts on
natural and social systens.

ii. | will attend, by invitation, the "Second Wrkshop on
Spectral M xture Anal ysis" on August 15-17, 1994, at the
Uni versity of Washington in Seattle. The objective of this



wor kshop is to conpare state of the art' m xtures nethodol ogi es
and assess future directions in m xture nodeling.

iti. Wmvan Leeuwen will attend a HAPEX- Sahel neeting in
Toul ouse, France on Novenber 14-15, 1994.

iv. Aong with Dr. Mchel Verstraete of ISPRA, we will convene a
joint Hydrol ogy and At nosphere session on the design and

eval uation of spectral Indices at the next American CGeophysi cal
Union (AGQJ) neeting in San Francisco, California on Dec. 1994.
The objective of the session is to further advance our
under st andi ng on enpirical gl obal -based approaches toward a

bi ophysi cal understanding of terrestrial vegetated surfaces.

PUBLI CATI ONS

HQ Liuand AR Huete, "A feedback based nodification on the
NDVI to m nimze soil and atnospheric noise". Submitted to | EEE
Trans. Geosc. and Renote Sensing (4/94).

J.C. Epiphanio and AR Huete, "Dependence of NDVI and SAVI on
sun/ sensor relationships in alfalfa®. Submtted to Renbte Sensing
of Environnent (4/94).

Chehbouni, A, Kerr, Y.H, Q, J., Huete, AR, Sorooshian, S
1994. "Toward the devel opment of a nultidirectional vegetation
i ndex." Water Resources Research 30(5):1281-1286.

Franklin, J., Duncan, J., Li, X, Huete, A R, van Leeuwen,
WJ.D., 1994. "Radiative transfer in a shrub savannah --
prelimnary results from HAPEX- Sahel : 2. Mdel ling surface
refl ectance and vegetation indices using a geonetrical -opti cal
approach." Agric. and Forest Meteorology (in press).

Huete, AR, Liu, H, 1994. "An error and sensitivity analysis of
t he atnospheric- and soil-correcting variants of the NDVI for
MODI S-ECS." | EEE Trans. CGeosc. and Renbte Sensing, Vol. 32: (in
press).

Huete, A, Justice, C, Liu, H, 1994. "Devel opnent of vegetation
and soil indices for MDD S-ECS." Renote Sensing Environment 48: 1-
13.

Moran, MS., darke, T.R, Kustas, WP., Bach, L., Wltz, M,
Aner, S. A, Huete, AR, 1994. "Eval uation of hydrol ogic
paranmeters in sem-arid rangel and using renotely sensed spectral
data." Water Resources Research 30(5):

Q, J., Huete, AR, Cabot, F., Chehbouni, A, 1994.
"Bidirectional properties and utilizations of high resolution
spectra froma sem-arid watershed." Water Resources Research
30(5):1271-1279.



Q, J., Chehbouni, A, Huete, AR, Kerr, Y.H , Sorooshian, S
1994. "A nodified soil adjusted vegetation index: NMSAVI." Renote
Sensi ng Environnment (in press).

van Leeuwen, WJ.D., Huete, AR, Duncan, J., Franklin, J., 1994.
"Radi ative transfer in shrub savannah sites in N ger --
prelimnary results from HAPEX- Sahel : 3. Optical dynam cs and
vegetation index sensitivity to biomass and plant cover." Agric
and Forest Meteorology (in press).

Manuscripts in Preparation:

AR Huete, W van Leeuwen, A Strahler, and C. L. Walthall, "BRDF
nodel i ng of HAPEX ASAS i nmagery for vegetation index conposites”.
Manuscript in preparation for the special issue of results for
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